Some findings suggest that trait anxiety impairs selective attention (e.g., Fox, 1993) while others suggest the opposite (e.g., Murray & Janelle, 2003) . Both views may hold some truth if trait anxiety affects different levels of selective attention in opposite directions: trait anxiety might improve spatial attention, or perceptual selection, but weaken post-perceptual selection. We used an adaptation of the flanker task (Eriksen & Hoffman, 1973) that distinguishes between spatial attention and post-perceptual selection (Caparos & Linnell, 2010) to test this hypothesis. Trait anxiety was found to improve spatial attention but not to affect post-perceptual selection. The latter null effect may have resulted from the relatively high perceptual load used in this study. The focusing effect of trait anxiety suggests that anxiety reduces perceptual resources or increases cognitive effort.
Introduction
Trait anxiety affects selective attention even in the absence of threatening stimuli (Fox, 1993) and independently of state anxiety (Bishop, Jenkins, & Lawrence, 2007) but the direction of this effect remains unclear. Some findings suggest that high-trait-anxious individuals have better selective attention than low-trait-anxious individuals. Indeed, hightrait-anxious individuals are advantaged when responding to the local information of a Navon figure (i.e., a global shape made of local shapes; Navon, 1977) and disadvantaged when responding to its global information, suggesting that they are more focused (Derryberry & Reed, 1998) ; in addition, when focusing on a task performed at fixation, they are less sensitive to peripheral probes (Murray & Janelle, 2003) . Other findings suggest, however, that high-trait-anxious individuals have worse selective attention as, in the flanker task (Eriksen & Hoffman, 1973) , the discrimination of a target is more affected by to-be-ignored distractors (Bishop, 2009; Fox, 1993) .
These inconsistent findings can be reconciled if one considers that different paradigms may emphasise different levels of selective attention. Navon and peripheral-probedetection tasks might index mainly perceptual levels of selective attention, namely, the extent to which perceptual resources, or spatial attention, are focused on a target location and removed from neighbouring locations (Caparos & Linnell, 2010; Lavie, Hirst, De Fockert, & Viding, 2004) . On the other hand, the fixed-separation flanker task (Bishop, 2009; Fox, 1993) is suggested to index both spatial attention and post-perceptual levels of selection, namely, the suppression at cognitive levels of distractors that have been perceptually processed (Caparos & Linnell, 2010) . High-trait-anxious individuals may have an advantage in spatial attention, or perceptual selection, revealed by the Navon and peripheral-probe-detection tasks (Derryberry & Reed, 1998; Murray & Janelle, 2003) . This advantage may however become hidden by a disadvantage in post-perceptual selection when attention is indexed using the fixed-separation flanker task (Fox, 1993; Bishop, 2009) . Note that these hypotheses are limited to situations that do not involve threatening stimuli as the latter may change the patterns of selective attention (Mathews & Mackintosh, 1998; Richards & French, 1990) , for instance by defocusing spatial attention to improve threat detection (Eysenck, Derakshan, Santos, & Calvo 1992 ).
The present study used an adaptation of the flanker task that can dissociate spatial attention from post-perceptual selection (Caparos & Linnell, 2009 , 2010 . Participants had in the usual way to identity a central target letter ('E' vs. 'F') while ignoring a peripheral distractor that could generate interference (Eriksen & St. James, 1986) ; critically, in addition, the separation between the attended (target) location and the distractor was manipulated to extract the distractor-interference function of separation. Post-perceptual selection is nonspatial in nature and can be indexed by measuring overall distractor interference (i.e., interference averaged across separations; Caparos & Linnell, 2010) ; on the other hand, perceptual selection is spatial and can be indexed from the focus of the interference function (Caparos & Linnell, 2009 , 2010 . Since the interference function is shaped like a Mexican hat (where distractor interference first decreases and then increases, before tailing off, with increasing separation from the attended location; Müller, Mollenhauer, Rosler, & Kleinschmidt, 2005; see Figure 1 ), it is possible to index its focus in terms of the separation at which the turning point of the Mexican hat occurs. The possibility to observe a Mexicanhat function depends on the profile being sufficiently focused for the increase in interference with increasing eccentricity (i.e., the upturn in the function) to be stronger than the effect of decreasing cortical magnification; here, we used a relatively difficult perceptual task to focus attention (Caparos & Linnell, 2009 ).
Figure 1. Schematic representation of a focused and defocused Mexican-hat profile of attention.
Trait anxiety was measured using Spielberger et al.'s State Trait Anxiety Inventory (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983 ; state anxiety was also measured for control purposes). If trait anxiety focuses spatial attention (in the absence of threatening stimuli), the Mexican-hat distractor-interference function should become more focused (with a turning point occurring closer to the attended location) as trait anxiety increases. In addition, if trait anxiety reduces post-perceptual selection, the overall amplitude of distractor interference (across separations) should increase as trait anxiety increases.
Method
Design. A mixed design was used in which target-distractor compatibility and separation were manipulated within participants and trait and state anxiety were measured across participants.
Participants. Ethical approval was obtained from the departmental ethics committee. 104 first-year undergraduate psychology students from Goldsmiths (73 females; 8 lefthanded; mean age 21.8 yr), with reported normal or corrected-to-normal vision, took part in the experiment after giving their informed consent and in exchange for course credits. Four participants were excluded from the analysis due to error rates close to chance.
Experimental setup.
Stimuli were presented at a distance of 70 cm on a 20-in monitor operating at a resolution of 800 x 600 pixels with a vertical refresh rate of 100 Hz. The experiment was run using Turbo Pascal 7.0.
Measure of Anxiety.
State and trait anxiety were measured at the end of the experiment using Spielberger's State Trait Anxiety Inventory (Spielberger et al., 1983) . Participants always filled out the state-anxiety questionnaire first. Each participant was given a score from 20 to 80 for each anxiety measure.
Stimuli and procedure. On each trial, participants performed two perceptual tasks. The primary task was to identify, as quickly but as accurately as possible, a target letter ('E' or 'F') presented at fixation with a two-alternative forced-choice (2-AFC) while ignoring an irrelevant distractor occurring at varying eccentricities. This primary task, the flanker task, was used to measure the profile of distractor interference. In order to make it possible to index a Mexican-hat profile of distractor interference, perceptual load had to be sufficiently high (Caparos & Linnell, 2009) . For this reason, a secondary task was added that required participants to discriminate the position of a gap in the target letter ('high-gap' vs. 'low-gap' 2-AFC; participants gave their unspeeded response to this secondary task after giving their response to the primary task).
The stimuli on which the two perceptual tasks described above were performed consisted of (1) an 'E' or 'F' target letter and (2) an 'E', 'F' or 'X' distractor letter. The target letter (subtending 0.48 by 0.64 degrees of visual angle) was presented at the centre of the screen. It had a small gap located either 'high' or 'low' in the upper half of its vertical axis (the stimuli were the same as in Caparos & Linnell, 2009 ). The distractor letter (subtending 1.60 by 1.90 deg) occurred in 92% of trials. It was presented along the horizontal midline of the screen, equally often on the left or right of the target. It was removed from the target by 1.8, 3.6, 5.4, 7.2 or 9.0 deg (the five target-distractor separations). It was responseincompatible with the target (e.g., it was 'F' if the target was 'E') on half the distractorpresent trials and could thus generate response-competition interference. On the other half of distractor-present trials, the distractor was the neutral letter 'X' which could not generate response-competition interference. The comparison of incompatible-with neutral-distractor performance thus isolated distractor interference.
Each trial started with an empty screen for 700 ms, followed by the presentation of the stimuli for 100 ms. The participants had up to 1500 ms to respond to target identity (primary task) and, then, up to 10,000 ms to respond to gap position (secondary task). Auditory feedback was given about incorrect responses for both tasks. The experiment consisted of 480 trials, preceded by 80 practice trials. The different conditions were presented intermixed and in randomized order.
Results
Participants' mean state anxiety was 39.9 (SD=8.9; normative score in college students is 37.6, SD=11.0; Spielberger et al., 1983) . Mean trait anxiety was 42.9 (SD=9.5; normative score in college students is 39.4, SD=9.7). Trait-and state-anxiety scores significantly correlated (r = 0.234, p = 0.019). Gender had no significant effect on state and trait anxiety (p values > 0.100). For both state and trait anxiety, top quartile of participants (respectively M=51.1, SD=4.6 and M=55.8, SD=6.6) and bottom quartile of participants (respectively M=28.4, SD=3.2 and M=32.1, SD=2.7) were compared on their performance at the flanker task.
In order to do so, for each participant, we analyzed the speed and accuracy of target identification. Trials were excluded from analysis when the location of the gap (in the secondary perceptual task) was incorrectly discriminated (13.2% of trials excluded). In addition, identification times were examined only for accurate target identification (3.6% RTs excluded), and only when they were longer than 200 ms and fell within three standard deviations of the overall mean for the participant (another 0.5% RTs excluded). Mean targetidentification ('E' or 'F') RTs and error percentages were calculated for incompatible-and neutral-distractor trials at each of the five target-distractor separations (1.8, 3.6, 5.4, 7.2 and 9.0 deg; see Figure 2a ).
First, RTs and errors were compared as a function of (1) Compatibility (incompatible vs. neutral distractor), (2) Separation (five target-distractor separations) and (3) State Anxiety (top vs. bottom quartile of participants) using mixed-design ANOVAs. Then, the same analyses were performed with Trait Anxiety (top vs. bottom quartile of participants) instead of State Anxiety. These analyses tested whether overall distractor interference and interference as a function of separation were affected by state and trait anxiety. They were followed where appropriate by interpolation analyses to measure for an effect of anxiety on the extent of focus of the interference functions of separation. In other words, incompatible distractors generated significant interference but the effect of Separation on the latter was not significant. This was because of differences in the effect of Separation across participants (see below) that smeared out the average functions of interference. On the other hand, the three-way interaction between Trait Anxiety, Compatibility and Separation was significant, F(4,192) = 3.49, p = 0.009, ηp 2 = 0.108; the interference functions of separation were different across trait-anxiety groups (see Figure 2b ). While both functions described Mexican-hat profiles, it appeared that, in the high-trait-anxiety group, the function was more focused than in the low-trait-anxiety group. This was tested using interpolation analyses.
Figure 2. 2a. Latencies. Incompatible-distractor (black lines), neutral-distractor (dark-grey lines) and no-distractor (light-grey lines) mean latencies (in ms) as a function of targetdistractor separation (in deg) and trait anxiety (low, dashed lines, or high, plain lines). 2b. Distractor interference (in latencies). Distractor interference (incompatible-minus neutraldistractor RTs; in ms) as a function of target-distractor separation (in deg) and trait anxiety (low, dashed lines, or high, plain lines). Error bars depict
A cubic model was used (Caparos & Linnell, 2009 , 2010 . For each participant, the separation at which the turning point of the interference function occurred was estimated by calculating the derivative of the fitted function. The turning points so derived were compared across the two trait-anxiety groups. The average turning point occurred at 5.73 deg (SEM=0.41) in the low-trait-anxiety group and at 4.30 deg (SEM=0.33) in the high-traitanxiety group. This difference was significant, t(48) = 2.52, p = 0.015, d = 0.733. The results suggest that the Mexican-hat profile of spatial attention becomes more focused as trait anxiety increases.
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Discussion
The present experiment showed that spatial attention was more focused in high-than in low-trait-anxious individuals. There are two non-exclusive accounts for this finding. First, high-trait-anxious individuals may make more cognitive effort in order to avoid failure at the task (Sarter, Gehring, & Kozak, 2006; Staal, 2004) ; this would result in more resources being spent to focus spatial attention. Second, high-trait-anxious individuals may have a smaller pool of perceptual resources at their disposal; this would generate a greater perceptual load and thereby a greater focus. A third possibility is that both mechanisms are involved. Thus, it is possible that participants with high trait anxiety have overall fewer perceptual resources at their disposal, making perceptual tasks seem more difficult and, as a result, causing an increase in participants' engagement and cognitive effort.
The present finding that high-trait-anxious individuals are more focused contrasts with previous findings showing that peripherally-presented threatening stimuli attract attention more strongly in high-than in low-trait-anxious individuals (e.g., Koster, Verschuere, Crombez, & Van Damme; . It is possible that, because of their emotional nature, threatening stimuli promote a defocusing of spatial attention in anxious individuals to improve the detection of threat (Eysenck et al., 2007) .
The second finding of this study was that the overall amplitude of distractor interference (across separations) was not different across trait-anxious individuals, thus failing to replicate previous findings (Bishop, 2009; Fox, 1993) and to confirm that high-traitanxious individuals have a disadvantage in post-perceptual selection (Bishop, 2009) . It is possible that, because the perceptual load of the task used in this study was relatively high, distractor interference was too reduced by perceptual selection for a post-perceptual effect to manifest itself (Bishop, 2009) ; note, however, that reaction times were not longer in this experiment than in the low-perceptual-load condition of Bishop (2009) . Alternatively, it is possible that, because of the change in the shape of the attentional profile, an overall increase in the amplitude of distractor interference across separations was masked (Caparos & Linnell, 2010) . In sum, at least in the absence of threatening stimuli, trait anxiety focuses spatial attention.
